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Enzyme activity is essential for almost all aspects of life. With
completely sequenced genomes, the full complement of enzymes
in an organism can be deﬁned, and 3D structures have been
determined for many enzyme families. Traditionally each enzyme
has been studied individually, but as more enzymes are character-
ised it is now timely to revisit the molecular basis of catalysis, by
comparing different enzymes and their mechanisms, and to con-
sider how complex pathways and networks may have evolved.
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The UniProtKB/Swiss-Prot knowledgebase [1] strives to provide
its users a corpus of manually annotated protein entries. Swiss-
Prot is far from being a mere repository of sequence. Since its cre-
ation in 1986, its mission has always been to provide its users, an
up-to-date description of what is known about a particular pro-
tein. Today, genomic sequences are very easily obtained and from
them it is relatively trivial to predict the corresponding protein-
coding regions. But there is still no shortcut to allow the high-
throughput elucidation of the function of all of these predicted
proteins. It is therefore important to capture in a knowledgebase
such as Swiss-Prot experimentally-derived information that will
permit to infer the function of related proteins in an increasingly
widening variety of organisms. We therefore concentrate our
annotation efforts on a palette of model organisms that are the
target of characterization studies. For these organisms that range
from bacteria (E. coli), fungi (S. cerevisiae), plants (A. thaliana) to
mammals (human and mouse) we try to be as complete as possi-
ble and provide as much information as we can that helps travel-
ling the path that leads from sequence to function.
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Recent analyses of eukaryotic genome sequences have revealed
that gene duplication, by which identical copies of genes are
created within a single genome by unequal crossing over, reverse
transcription, or the duplication of entire genomes, has been
rampant. The creation of extra genes by such duplication events
has now been generally accepted as crucial for evolution and of
major importance for adaptive radiations of species and the gen-
eral increase of genetic and biological complexity. We have devel-
oped software to identify remnants of large-scale gene
duplication events and more recently, we have also developed
mathematical models that simulate the birth and death of genes
based on observed age distributions of duplicated genes, consid-
ering both small and large scale duplication events. Applying our
model to the model plant Arabidopsis shows that much of the
genetic material in extant plants, i.e., about 60% has been
created by several genome duplication events. More importantly,
it seems that a major fraction of that material could have been
retained only because it was created through large-scale gene
duplication events. In particular transcription factors, signal
transducers, and regulatory genes in general seem to have been
retained subsequent to large-scale gene duplication events. Since
the divergence of (duplicated) regulatory genes is being consid-
ered necessary to bring about phenotypic variation and increase
in biological complexity, it is indeed tempting to conclude that
such large scale gene duplication events have indeed been of
major importance for evolution.
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Natural proteins display structural and functional features that
seem beautifully matched for their biological role. They fold
spontaneously into well-deﬁned three-dimensional structures, and
can display complex biochemical properties such as signal trans-
mission, efﬁcient catalysis of chemical reactions, speciﬁcity in
molecular recognition, and allosteric conformational change.
These properties are known to arise from the cooperative action
of amino acid residues, but the pattern of residue cooperativity
in the tertiary structure is generally unknown. To address this,
we have been developing an approach (the statistical coupling
analysis or SCA) for estimating the evolutionary constraints
between sites on proteins through statistical analysis of large and
diverse multiple sequence alignments1,2. This analysis indicates
a novel decomposition of proteins into sparse groups of
co-evolving amino acids that we term ‘protein sectors’9. The
sectors are statistically quasi-independent and comprise physically
connected networks in the tertiary structure. Experiments in
several protein systems demonstrate the functional importance of
the sectors1,3,4,7,8 and recently, the SCA information was shown
to the necessary and sufﬁcient to design functional artiﬁcial
members of two protein families in the absence of any structural
or chemical information. These results support the hypothesis
that the SCA captures the basic architecture of functional inter-
actions in proteins. We are now working on understanding the
physical mechanisms underlying statistical coupling, and perhaps
more importantly, trying to understand any principles of why the
SCA pattern might represent the natural design of proteins that
emerge through the evolutionary process.
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